Abstract-Alarm fatigue, the progressive desensitization of clinical staff to audible alarms in their environment, has been reestablished as a National Patient Safety Goal by The Joint Commission as of January 2014. In order to manage the number of alarms experienced by hospital staff, facilities are charged with finding a way to measure their existing alarm load and then develop methods and policies by which to reduce or mitigate the threat of alarm fatigue. This study used access to a large archive of patient monitoring alarms in order to develop a process by which patient monitoring alarms could be analyzed with high specificity across multiple units of differing specialties and acuity levels. Trends in the distributions of patient monitoring alarm data were identified, with the greatest potential contributors to alarm fatigue being confirmed as the medium and low priority alarms, comprising 70+% of patient monitoring alarms, and condition-based distributions showing strong correlation (with most R 2 values exceeding 0.990) to average distributions across patient care units of differing specialties and acuity levels. A trend of spikes in heart rate alarms was also observed, suggesting that heart rate limits should be considered differently than those for other vital signs.
INTRODUCTION & BACKGROUND
Clinical staff has become increasingly reliant on electronic monitoring devices in order to determine a patient's condition during his or her care. However, as the number of medical devices has increased in the patient care environment, so has the number of alarm sources. With time and overstimulation, the clinical staff becomes desensitized to these alarms, resulting in a condition known as alarm fatigue. Alarm fatigue contributes to slower response times and impaired decision making, in extreme cases, to such an extent that it led to patient deaths [1, 2] . With The Joint Commission reinstating National Patient Safety Goal NPSG.06.01.01, hospitals across the country are now being evaluated on their efforts to mitigate alarm fatigue [3] . This study, performed at Hartford Hospital (Hartford, CT), an 867-bed teaching hospital, focused on clinical alarms from the facility's GE patient monitors.
GE's patient monitoring information is transmitted on its Mission Critical (MC) network, isolating it from other hospital network activities. BedMasterEX (Excel Medical Electronics, Jupiter, FL), was installed on a virtual server and given readonly access to the MC network in order to archive episodic and waveform data. This data was then available through the BedMasterEX client software.
Twelve patient care units were selected for the study based on their regular use of continuous patient monitoring in the plans of care for that unit's patients: five Intensive Care Units (ICUs), four Stepdown units, and three Medical/Surgical (Med/Surg) units. The alarm histories from each reporting monitor on these units were recorded over a period of eight months (March 2013 -October 2013). Only alarms with an audible component (Crisis, Warning, Advisory, and System Warning alarms in the GE Legacy alarm configurations) were obtainable in these alarm histories.
II. METHODS

A. Data Collection
In the BedMasterEX client, alarm data was listed as a history outlining the alarm priority, the alarm condition met, alarm duration, and a timestamp for when each alarm occurred. These lists were exportable in spreadsheet format. The alarm histories for each reporting device on the target units had to be exported separately, but could be consolidated afterwards. Though the alarm histories contained all audible alarms, particular focus was placed on alarms with the "Warning" or "Advisory" priorities, as many of them had been previously identified as being sources of nuisance alarms. Invasive pressure alarms were excluded from this subgroup, as they were most often isolated to the ICU setting.
B. Data Processing
A series of MATLAB scripts were developed to convert the individual alarms into a 2-D matrix containing numerical values associated with the alarm, as well as numerical codes to denote the alarms source, alarm priority, and the specific alarm. These 2-D matrices were combined into a single 3-D matrix representing the alarm histories, and could be filtered based on any of the parameters. Between the spreadsheets and the 3-D matrices, profiles were developed based on the distribution of alarms for each unit and acuity level, and specialty for comparison.
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III. RESULTS & DISCUSSION
Over the eight month span of the study, a total of 9.76 million alarms were recorded across all tracked units, with 7.66 million (78.4%) of those alarms being in the scope of the study.
A. Unit Alarm Distributions
Unit alarm distributions were developed to compare the percentage each of the tracked alarms contributed to the overall number of alarms on that unit. All alarms outside of the study's scope were placed into an "Other" category, allowing for the number of tracked alarms to be displayed relative to the complete unit alarm history. The same set of alarms contributed to 69.98% of the patient monitoring alarms in ICUs, 87.65% of the alarms in Stepdown units, and 92.98% of the alarms in the Med/Surg units. This confirms that the alarms in the scope of the study
B. Paramaterized Alarm Distributions
Four alarms with numerical conditions: high heart rate, low heart rate, low SpO 2 , and high respiratory rate, were graphed based on the extreme condition achieved during the alarm. In a similar manner to the unit alarm distributions, aggregates were made based on acuity level and specialty.
One goal with this examination was to what extent unit distributions differed from each other. The metric for comparing these curves was to calculate the coefficient of determination (R 2 ) between the aggregates for acuity level and the individual unit distributions. An example distribution for high heart rate is shown in Fig. 1 . For all alarms, high R 2 values were observed overall, with high respiratory rate and low SpO 2 being the most accurate (min. R 2 = 0.992), and low heart rate being the least accurate (min. R 2 = 0.823). This strengthens the arguments for addressing alarm defaults, at least initially, at a hospital-wide level or based on acuity.
The other intent of creating these distributions was to provide a resource detailing the effects of changing the limits of these parameterized alarms. Other studies [4] have suggested that the distributions should decay away from the physiologically normal range. The distributions from this study supported this, with the partial exception of the heart rate curves, which show spikes in alarm frequency in heart rates divisible by five (see Fig. 1 ). This finding suggests that if hospitals are changing the limits on high or low heart rate alarms, choosing a limit at least one after one of these multiples of five will result in a greater reduction in alarms than it would in a different vital sign.
IV. CONCLUSION
By observing trends in the distribution of alarms from multiple perspectives, alarm management committees can more effectively triage contributing factors to alarm fatigue. With data supporting their decisions, alarms with the greatest potential for contributing to alarm fatigue can be addressed first, and changes in alarm limits can become more streamlined by addressing units in groups, or even hospitalwide, due to similarities in alarm condition distribution.
The data presented in this study may not be perfectly applicable to all facilities. Other patient monitoring products, software updates, and other factors can contribute to discrepancies in the alarm distributions or other behaviors that may not be expected. However, it can serve as a guide to other facilities that lack the same level of alarm monitoring, or strengthen the case presented by alarm management committees regarding the need for changing alarm defaults.
